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Description 

[0001] Silicon carbide's unique combination of prop- 
erties make it a particularly suitable material for a variety 
of applications in the semiconductor, optical, electronic s 
and chemical processing fields. Moreover, chemical va- 
por deposition (CVD) techniques have been widely used 
to provide thin films and coatingsof a variety of materials 
on various articles. Silicon carbide articles produced by 
chemical vapor deposition (CVD) processing are recog- 
nized to exhibit superior mechanical, thermal, physical 
and optical properties. This invention is directed to im- 
provements in a CVD process of producing free stand- 
ing, self-supporting silicon carbide articles, and is par- 
ticularly adapted to the production of hollow shells of cy- 
lindrical, frustoconlcal or other shapes. Such shells can 
be used in x-ray telescopes, semiconductor processing 
furnaces, heat exchangers, laser tubes and chemical 
process equipment. 

[0002] The advantages of silicon carbide as a fabri- 
cation material for astronomical X-ray telescopes and 
the experimental use of small scale CVD processing to 
prepare conical silicon carbide shells was recently de- 
scribed by Gerii et al. in 'Thin Shell Replication of Graz- 
ing Incident (Wolter Type I) SiC Mirrors", SPIE Proc, 
2478,215(1995). 

[0003] The advantages of CVD produced free-stand- 
ing silicon carbide materials in applications requiring a 
high degree of surface smoothness and polishability are 
described in US-A-5,374,412, which describes appara- 
tus and process conditions which are used in the CVD 
production of free-standing silicon carbide articles. This 
patent also refers to US-A-4,990,374; 4.997,678 and 
5,071,596 as further describing CVD processes of pro- 
ducing free-standing silicon carbide materials by the py- 
rolytic deposit of SIC on a mandrel. 
[0004] Several methods of controlling or isolating the 
deposit of silicon carbide to the intended side of the sub- 
strate during chemical vapor deposition are described 
in US-A-4,963,393 and 4,990,374. In US-A-4,963,393, 
a curtain of a flexible graphite cloth is arranged to shield 
the backside of the substrate from the flowing reacted 
precursor gases, whereby silicon carbide deposits on 
the backside of the substrate are avoided. In US-A- 
4,990,374 a counterflow of a non-reactive gas is direct- 
ed to flow past the substrate's peripheral edge from be- 
hind the substrate whereby the deposit is confined to 
the front face of the substrate. 
[0005] Chemical vapor deposition (CVD) has been 
used to produce both free-standing articles and coatings 
of silicon carbide. Typically, the process involves react- 
ing vaporized or gaseous chemical precursors in the vi- 
cinity of a substrate to result in silicon carbide depositing 
on the substrate. The deposition reaction is continued 
until the deposit reaches the desired thickness. If a coat- 
ed article is desired, the substrate is the article to be 
coated and the coating is relatively thin. If a free-stand- 
ing article or silicon carbide bulk material is desired, a 



thicker deposit is formed as a shell on the substrate and 
then separated from the substrate to provide the silicon 
carbide article. 

[0006] In a typical silicon carbide bulk material pro- 
duction run, silicon carbide precursor gases or vapors 
are fed to a deposition chamber where they are heated 
to a temperature at which they react to produce silicon 
carbide. The silicon carbide deposits as a shell on a solid 
mandrel or other substrate provided in the deposition 
chamber. The deposition is continued until the desired 
thickness of silicon carbide is deposited on the sub- 
strate, or mandrel. The mandrel is then removed from 
the deposition chamber and the shell is separated from 
the mandrel. Monolithic silicon carbide plates and cylin- 
ders have been produced by applying such chemical va- 
por deposition (CVD) techniques with suitably shaped 
substrate or mandrel forms. 

[0007] Once the silicon carbide precursor gases or 
vapors are brought to the appropriate conditions to 
cause them to react, they produce silicon carbide which 
then deposits on any available surface. The deposit 
generally is not limited to the intended surface(s) of the 
mandrel(s) and generally extends past such surfaces to 
adjoining surfaces as well as depositing on the walls and 
housing of the deposition chamber. In the past, the sili- 
con carbide deposit has extended past the dimensional 
limits of the mandrel over adjacent portions of the sup- 
port structure holding or supporting the mandrel in its 
position in the deposition chamber. It is then necessary 
to firacture such deposits to remove the mandrel from 
the deposition chamber. Fracturing of the deposit often 
results in the formation of cracks which propagate 
through the deposit from the point of fracture. Such 
cracks are not acceptable in the intended applications 
of the silicon carbide articles, and usually result in the 
article being rejected. The prevalence of propagated 
cracks in relatively thick chemical vapor deposits of sil- 
icon carbide have limited the size of articles that can be 
produced commercially by this method. Moreover, rec- 
ognition of the potential capacity of CVD silicon carbide 
deposits to bridge any joints between adjacent stacked 
mandrels and the subsequent difficulty of separating 
and removing individual mandrels from such a stack has 
prevented the use of stacked mandrels in the commer- 
cial production of silicon carbide articles. 
[0008] Optimal deposition conditions generally re- 
quire less than atmospheric pressures, which requires 
that the deposition be conducted in a vacuum chamber. 
It is generally less expensive to increase the production 
volume of vacuum chambers by increasing their vertical 
dimensions rather than increasing their horizontal, or 
floor space occupying, dimensions. Accordingly, it 
would be economically advantageous to provide a com- 
mercial technique for creating silicon carbide deposits 
on a plurality of mandrels, wherein the mandrels are ver- 
tically stacked within a single vertically extending depo- 
sition chamber. This, however, has not been done in the 
past, at least in part because of the difficulty in segre- 
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gating, or isolating, the deposit on one mandrel from the 
deposit produced on an adjoining mandrel. 
[0009] The present invention consists in a process for 
producing silicon carbide articles by chemical vapour 
deposition comprising: 

providing a silicon carbide precursor gas in proxim- 
ity to a surface of a solid substrate In a deposition 
chamber. 

reacting said silicon carbide precursor gas to pro- 
vide a silicon carbide deposit on a predetermined 
deposition zone on said surface of said substrate, 
thereafter removing said substrate with said silicon 
carbide deposit from said deposition chamber, and 
recovering said deposit by separating it from said 
substrate, 

characterised in that at least one boundary zone 
is provided on a portion of said substrate surface located 
between said predetermined deposition zone and a 
proximate solid surface in said deposition chamber, said 
boundary zone being provided by the fomriation of a 
channel between said portion of the substrate surface 
and an outer wall spaced from said surface portion, the 
channel having an open end adjacent said deposition 
zone and a closed end opposite said open end, whereby 
a silicon carbide deposit is produced on said boundary 
zone which is substantially thinner than the deposit pro- 
duced in said predetermined deposition zone. 
[001 0] The process of the invention can be carried out 
using apparatus comprising: 

a solid substrate, 

a housing defining a deposition chamber, said 
housing being capable of opening and closing suf- 
ficiently to allow the insertion and removal of said 
solid substrate, 

a source of a gaseous precursor material operative- 
ly connected to said deposition chamber, 
an isolation device located between said solid sub- 
strate and a proximate solid surface in said deposi- 
tion chamber, said isolation device cooperating with 
said substrate to restrict the flow of said gaseous 
precursor material over a boundary zone extending 
adjacent the border of said substrate closest to said 
proximate solid surface. 

[001 1] The present invention is directed to a process, 
and associated apparatus, which greatly restricts and, 
preferably, completely avoids, the formation of deposits 
extending past the dimensional limits of the mandrel. By 
limiting, or avoiding, the formation of such deposits, re- 
moval of the mandrel from the deposition chamber does 
not result in cracks which propagate through the depos- 
it. When practice of the invention avoids the formation 
of a deposit at or adjacent the dimensional boundary of 
the mandrel, the mandrel can be removed from the dep- 
osition chamber without fracturing the deposit. When a 



greatly restricted deposit forms at the dimensional 
boundary of the mandrel, it forms a thin coating, sub- 
stantially thinner than the main body of the deposit, the 
fracture of which does not result in cracks extending into 

5 the main body of the deposit. 

[0012] In one prefen-ed process according to the in- 
vention silicon carbide deposits are formed on a plurality 
of substrates, or mandrels, as they are arranged in a 
vertical stack, one atop another. The mandrels are then 

10 removed from the stack and the deposits separated 
from the mandrels to result In free-standing dense sili- 
con carbide articles. 

[0013] The process of the invention provides for the 
production of rigid, thin-walled cylindrical or frustrocon- 

15 leal shells of dense silicon carbide having an aspect ra- 
tio, i.e., the ratio of the shell diameter to its wall thick- 
ness, of 50 or greater. It also has permitted the commer- 
cial production of large diameter, i.e. 46 cm (18 inch) 
diameter and greater, cylindrical or frustoconical shells 

20 of dense silicon carbide. 

[0014] Preferred embodiments of the invention will 
now be described with reference to the accompanying 
drawings wherein: 

25 Figure 1 is a schematic illustration, partially in sec- 
tion, of a furnace utilizing the process and appara- 
tus of the present invention to produce an inventive 
relatively dense, thin-walled, large silicon carbide 
shell. 

30 

Figure 2 is a cross section of one type of isolation 
device according to the present invention, deployed 
in the CVD furnace with a deposit on a mandrel sub- 
strate. 

35 

Figure 3 is a further cross section of the mandrel 
and isolation device illustrated in Figure 2. 

Figure 4 is a cross section of a further type of iso- 
40 lation device according to the present invention. 

[0015] A chemical vapor deposition (CVD) furnace 
equipped for producing silicon carbide shells according 
to the present invention Is illustrated in Figure 1. The 

45 fumace 1 0 includes an outer housing defining a vacuum 
chamber 12, which is connected to a vacuum source 
through exhaust port 14. A deposition chamber 16, pro- 
vided in the vacuum chamber, is defined by side wall 18. 
top wall 20 and base 22. The base 22 is supported by 

50 columns 24 extending up from a floor plate 26 provided 
near the bottom of the vacuum chamber 12. A rotating 
platfonn 28 is supported by rails 30 which extend into 
channels 32 on table 34. Shaft 36 transmits a motive 
force to rotate the platfonm 28 from a motor/transmission 

55 system (not shown). An arrangement of gas injectors 38 
feed the deposit precursor gases through the top wall 
20 into the deposition chamber 16. Typically, the ar- 
rangement of injectors 38 involves multiple injectors ar- 
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ranged around a central injector. A stack of two man- 
drels 40 and 42 is arranged on the rotating platform. 
Each of the mandrels comprise a side wall 44 formed 
from a hollow conical graphite form which extends from 
a small end 46 to a large end 48. The diameter of the 
mandrel at the small end 46 is less than the diameter at 
its large end 48. As arranged in Figure 1, the mandrels 
are stacked with their large ends 48 adjacent each other. 
Suitable heating means (not illustrated) provide the de- 
sired deposition temperature at the mandrel surface. 
Graphite electrical resistance heaters arranged along 
the side wall and beneath the bottom of the mandrels 
have provided relatively uniform temperature distribu- 
tion over the mandrel surface. 
[0016] In a typical silicon carbide production run, a 
single mandrel 42 is located on the rotating platform 28, 
the deposition chamber 16 assembled and the vacuum 
chamber 12 closed. The vacuum chamber is purged of 
atmospheric gases by drawing a vacuum on the cham- 
ber, injecting an inert gas through the gas injectors 38, 
and redrawing a vacuum. These steps are repeated until 
the atmospheric gases are adequately purged. The ro- 
tation of the platform 28 is then initiated, the mandrels 
heated to the target deposition temperature, the flow of 
reactive coating precursor gas initiated and the target 
furnace pressure established. The flow of precursor 
gas, the target mandrel temperature and the target fur- 
nace pressure are continued until the deposit reaches 
the desired thickness, at which time the flow of coating 
precursor gas is discontinued, and the mandrel temper- 
ature and furnace pressure allowed to return to normal, 
or ambient. The vacuum chamber is then opened (usu- 
ally from the bottom), the rotating platform lowered, and 
the mandrel removed therefrom. The silicon carbide de- 
posit is then separated and recovered from the mandrel. 
In the past, removal of the mandrel from the rotating plat- 
form was complicated by the silicon carbide deposit 
which not only formed on the mandrel, but extended 
past the end of the mandrel along the top surface of the 
rotating platform 28. Removal of the mandrel required 
fracturing this relatively thick deposit which created 
cracks, which, in turn, could propagate from the point of 
fracture throughout the deposit, in many cases preclud- 
ing the use of the silicon carbide article for its intended 
use. 

[0017] In the present process an isolation device 50 
is provided between the bottom mandrel 42 and the ro- 
tating platform 28. As best seen in Figure 2, the isolation 
device 50 includes a side or outer wall portion 52 and a 
closed end portion 54. The outer wall portion 52 is 
spaced from the mandrel 42 and extends from the 
closed end portion 54 to an open end 56. The closed 
end portion extends between the mandrel 42 and the 
outer wall portion 52. Together, the outer wall portion 52, 
the closed end portion 54 and the mandrel 42 define an 
open channel 58 which extends from the closed end to 
the open end 56. As best seen in Figure 3, at its open 
end 56, the width of the open channel, w^, or the dis- 



tance between the outer wall portion 52 and the mandrel 
42, is one to two times the intended thickness of the final 
silicon carbide deposit 57. Preferably, the width of the 
channel, W2, at the closed end 54 is less than 1/2 of the 
5 width w^. The provision of a smaller channel width, W2. 
at the closed end assures that no deposit will fomi on 
the mandrel where it adjoins the closed end 54. The 
height, h, of the open channel 58 from the closed end 
54 to the open end 56 is greater than the width w^, and. 
preferably, is approximately 1 .5 to 5 times the width w^. 
[001 8] The open channel 58 defines a boundary zone 
60 on that portion of the surface of the mandrel, or sub- 
strate, which lies adjacent the open channel, i.e. that 
portion of the mandrel extending beneath the outer wall 
portion 52 of the isolation device 50. The boundary zone 
is distinguished from the remaining portion of the man- 
drel surface, which portion is referred to as the deposi- 
tion zone 62, by its diminished availability to the reacting 
coating precursor gases, resulting in the formation of a 
substantially thinner silicon carbide deposit in the 
boundary zone. The deposit thickness within the bound- 
ary zone decreases the further it is from the channel's 
open end 56. Preferably, the deposit thickness decreas- 
es sufficiently that essentially no deposit is formed ad- 
jacent the closed end 54 of the channel. 
[0019] Utilization of the isolation device 50 between 
the mandrel 42 and the platform 28 in the inventive proc- 
ess provides a boundary zone 60 of diminished deposit 
thickness between the deposition zone 62 and that por- 
tion of the mandrel which is most proximate the support- 
ing solid surface of the rotating platform 28. Preferably, 
the deposit thickness diminishes to essentially zero at 
the end of the mandrel most proximate to the platform 
28. Accordingly, removal of the mandrel 42 with the sil- 
icon carbide deposit thereon from the isolation device 
50 does not require fracturing a thick extension of the 
deposit and the accompanying possibility of creating 
propagating cracks in the product article. The yield of 
acceptable product is thereby substantially enhanced 
by minimizing or eliminating the silicon carbide deposit 
where the removable mandrel adjoins non-removable 
components of the furnace. 

[0020] An isolation device 64, which is essentially 
identical to the isolation device 50, is provided at the top 
of the upper mandrel 40 where it serves to prevent the 
silicon carbide deposit from extending over the upper 
rim and onto the interior surface of the hollow upper 
mandrel 40. The closed end portion of isolation device 
64. like that of device 50, is a dish-like continuous solid 
sheet spanning the space defined by the outer wall. Ac- 
cordingly, the isolation device 64 also functions to es- 
sentially close the upper end of the stack thereby deny- 
ing the reactive precursor gases access to the interior 
of the stack of hollow mandrels 40 and 42 and avoiding 
unwanted deposits fomiing on the interior surfaces of 
the hollow mandrels. 

[0021] A further isolation device 66 is provided be- 
tween the stacked mandrels 40 and 42. The isolation 
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devices 50 and 64 are designed to cooperate with a sin- 
gle mandrel in defining a boundary zone adjacent the 
periphery of such mandrel. Isolation device 66 is de- 
signed to cooperate with two stacked mandrels in pro- 
viding isolation zones on each. As seen best in Figure 
4. isolation device 66 comprises a circular ring compris- 
ing a circumferentially extending outer wall portion 70 
with a radially disposed closed end portion 72 extending 
inwardly from the center of the inner face of the outer 
wall portion so as to result In the ring having a generally 
T-shaped cross-section. As deployed, the radially dis- 
posed closed end portion 72 is located on top of the up- 
per edge of the lower mandrel 42 and the lower edge of 
the upper mandrel 40 is located on top of the closed end 
portion 72. The circumferentially extending outer wall 
portion 70 extends around both lower and upper man- 
drels functioning with each of them and the closed end 
portion 72 to define boundary zones 60 at each of the 
mandrels' adjoining edges. During the deposition proc- 
ess the isolation device restricts the flow of reacting pre- 
cursor gases to these boundary zones whereby the 
thickness of the deposit formed in each of the boundary 
zones gradually decreases, preferably to zero, as the 
deposit approaches the closed end. Since the deposit 
is essentially completed before reaching the closed end 
and does not extend across the junction of the mandrel 
with the isolation device, the separation of the mandrel 
from the isolation device at the completion of the run 
does not produce cracks which propagate throughout 
the deposit. In the isolation device illustrated in Figure 
4, the radially disposed closed end portion 72 is suffi- 
ciently long to be fully supported by the lower mandrel 
42 and to provide full support for the upper mandrel 40, 
but does not extend from one side to the other, as do 
the illustrated isolation devices 50 and 64. While the de- 
vice 66 could be designed to completely isolate the in- 
teriors of the adjacent mandrels, a savings in weight, 
material and cost is achieved by providing a device 66 
with the illustrated annular closed end portion 72. The 
closed end portion of device 66 is thicker adjacent its 
outer end portion 70 than it is where it contacts the man- 
drel. The change in thickness occurs at a step 74 located 
at a diameter equal to the external diameter of the as- 
sociated mandrel plus two times the intended W2 dimen- 
sion, i.e. the intended width at the closed end of the 
channel. 

[0022] One of ordinary skill will recognize that the up- 
per and lower mandrels may have differing length, width 
and thickness dimensions. The dimensions of the isola- 
tion devices can be readily determined from the dimen- 
sions of the particular mandrels to be isolated. 
[0023] A vertical stack of two mandrels is illustrated 
in the Figure 1 embodiment. The stack can include 4, 6. 
or any number of mandrels, provided they are separated 
with isolation devices at each junction. The capability of 
processing multiple mandrels in a vertical stack enables 
the process to be conducted in vertically oriented vacu- 
um furnaces which generally require less floor space, 



less capital and less maintenance expense than hori- 
zontally oriented vacuum furnaces of the same capacity. 
[0024] The substrates, or mandrels, are typically 
shaped around hollow cores to minimize their cost and 

5 weight. The mandrels can have generally circular or an- 
nular cross-sections, as in cylindrical or frustroconical 
mandrels. Moreover, the mandrels may incorporate sev- 
eral distinct shapes as they extend along their axial 
lengths. Double frustroconical shaped mandrels in 

10 which two cones having different side wall angles con- 
verge in the middle portion of the mandrel have been 
used. Alternatively, when flat sheets of silicon carbide 
are to be produced, the mandrel may comprise a series 
of connected planar walls extending around a hollow 

15 core, like the four side walls of a box. 

[0025] The mandrels are fabricated from appropriate 
high temperature materials such as alumina, graphite, 
molybdenum or tungsten. Graphite is generally pre- 
ferred because of its close thermal expansion match 

20 with silicon carbide, its high temperature properties and 
its availability in large sizes. The SiC-12 grade of graph- 
ite produced by Toyo Tanzo Inc. is particularly preferred 
when the deposit is formed on the exterior or peripheral 
surface of the mandrel. The thermal expansion coeffi- 

25 cient of this grade of graphite is just slightly greater than 
silicon carbide's coefficient, assuring that the mandrel 
will shrink slightly more than the deposit during cool 
down. When graphite mandrels are used, separation of 
the deposit from the mandrel is usually accomplished 

30 by combustion of, or burning away, the graphite at a tem- 
perature between 600° and SOO'^C, The isolation devic- 
es can be fabricated from similar materials. Usually less 
expensive grades, i.e. grades which might otherwise 
form small cracks at the deposition conditions, of these 

35 materials can be used in the isolation devices since they 
do not serve to shape the product article. 
[0026] The deposition process may produce the in- 
tended article as a deposit on the exterior of the man- 
drel, as illustrated, or it may produce the product deposit 

40 on the interior of a hollow substrate. The deposit is usu- 
ally machined to its final dimensions following its remov- 
al from the mandrel. However, when it is not intended to 
machine the removed deposit, the surface of the article 
with the more critical surface dimensions is usually 

45 formed directly adjacent the substrate. 

[0027] A mold release coating may advantageously 
be applied to the substrate surface prior to initiating the 
deposition, particularly when large sized articles are de- 
posited. Amorphous, glassy or pyrolytic carbons are 

50 suitable release agents for use with graphite mandrels. 
[0028] The CVD production of bulk, or free-standing, 
silicon carbide articles involves feeding a mixture of sil- 
icon carbide precursor gases, such as a mixture of 
methyltrtchlorosilane (MTS) and H2. with an optional in- 

55 ert gas, such as argon, helium or nitrogen, to the heated 
reactor/deposition chamber which is maintained at a 
pressure between about 180 and 220 torr, and at a tem- 
perature between about 1340° and 1380**C. The man- 
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drel{s) is rotated at a speed in the range of 1 to 5 rpm. 
The relative partial pressure flow ratio of H2/MTS is 
maintained in the range of about 4 to about 10. SKicon 
carbide is deposited on the mandrel(s) at a deposition 
rate of about 1.0 to about 2.0 ^m/min. and is continued 
until the desired thickness of SIC is deposited. Any de- 
sired thickness can be produced by merely continuing 
the deposition for sufficient time, however, relatively 
thin-walled shells are generally desirable based on 
weight, cost and other considerations. 
[0029] After the mandrel with the deposit is removed 
from the rotating platform, the mandrel with the deposit 
thereon may be cut to the required length and the outer 
surface of the deposit machined. The mandrel is then 
removed by burning the graphite. If necessary, the in- 
side surface of the deposit can then be machined to its 
required specification. 

Example- 

[0030] Two graphite shell mandrels, fabricated from 
SiC-12 grade of graphite, were machined to final dimen- 
sions of 600-mm diameter and 240-mm length. They 
were then stacked In a CVD-furnace similar to that 
shown in Figure 1 . Isolation devices wherein the dimen- 
sions shown in Figure 3 were a w^ of approximately 14 
mm (9/1 6th of an inch), a height, h, of approximately 2.5 
cm (one inch) and a W2 of approximately 3/1 6th of an 
Inch. A reactive precursor gas was Injected through an 
array of seven Injectors, six equally spaced In an approx. 
91 cm (36 inch) diameter circle and one located in the 
circle's center. The precursor gas mixture was provided 
at a flow rate through each injector of methyltrichlorosl- 
lane 4.4 standard liters per minute (stpm), H2 22 sipm. 
and Ar 56.5 sIpm. The mandrels were rotated at a speed 
of 1 .5 rpm and were maintained at a target temperature 
of 1350°C for 90 hours. The deposits provided on the 
deposition zones of the two mandrels varied between 
3.78 and 8.84 mm (0.149 and 0.348 Inches) in the axial 
direction. The thickness variation in the radial direction 
was within 7%. The furnace was opened and the man- 
drels and isolation devices removed without introducing 
propagating cracks throughout the deposits. The depos- 
its were then cut to the specification length of 240-mm 
and the outer surfaces machined to specification. The 
graphite mandrels were then removed by burning the 
mandrels at temperatures In the 600-800°C range. The 
Interior surface of a SIC shell was then machined to pro- 
vide a finished shell of 600-mm diameter by 240-mm 
length by 3-mm wall thickness. 
[0031] The invention permits the commercial fabrica- 
tion of relatively dense, large-diameter, thin-walled sili- 
con carbide cylindrical and frustroconical shells or 
tubes. Chemical vapor deposition techniques provide 
deposits of 3.15 g/cc and greater densities, which cor- 
respond to at least 98% theoretical density. Use of the 
isolation devices during CVD processing avoids, or at 
least minimizes the formation of propagated cracks 



throughout the deposit which previously had precluded 
the preparation of hollow shells of 46 cm (18 inch) or 
larger diameters (i.e., shells having external perimeters 
of 152 cm (60 Inches) or greater). As illustrated in the 

5 preceding example a shell of 61 cm (24 inch) diameter 
and 3-mm wall thickness and having an aspect ratio 
(shell diameter/ wall thickness) of approximately 203 
was prepared by this method. The Invention encom- 
passes shells of dense silicon carbide having external 

10 perimeters (i.e.. circumferences) of 127 cm (50 inches) 
or greater, and particularly, those having external perim- 
eters of 165 cm (65 inches) or greater; and having as- 
pect ratios of 50 or greater; preferably, shells having as- 
pect ratios of 1 00 or greater; and most preferably, those 

15 having aspect ratios of 200 or greater. 



Claims 

20 1. A process for producing silicon carbide articles by 
chemical vapour deposition comprising: 



providing a silicon carbide precursor gas in 
proximity to a surface of a solid substrate (40. 
25 42) in a deposition chamber (16), 

reacting said silicon carbide precursor gas to 
provide a silicon carbide deposit on a predeter- 
mined deposition zone (62) on said surface of 
said substrate, 

30 thereafter removing said substrate with said sil- 

icon carbide deposit (57) from said deposition 
chamber, and 

recovering said deposit by separating it from 
said substrate, 

35 

characterised In that at least one boundary zone 
(60) is provided on a portion of said substrate sur- 
face located between said predetermined deposi- 
tion zone and a proximate solid surface (28) in said 

40 deposition chamber, said boundary zone being pro- 
vided by the formation of a channel (58) between 
said portion of the substrate surface and an outer 
wall (52, 70) spaced from said surface portion, the 
channel having an open end (56) adjacent said dep- 

45 osition zone and a closed end (54) opposite said 
open end, whereby a silicon carbide deposit is pro- 
duced on said boundary zone which is substantially 
thinner than the deposit produced in said predeter- 
mined deposition zone. 

50 

2. A process according to claim 1 wherein the thick- 
ness of said deposit (57) produced in said boundary 
zone (60) decreases as it extends away from said 
deposition zone (62). 

55 

3. A process according to claim 1 or claim 2 wherein 
essentially no deposit is formed on the portion of 
said boundary zone (60) which is closest to said 



6 



11 



EP 0 955 278 B1 



12 



proximate solid surface (28). 

4. A process according to any preceding claim where- 
in an isolation device (50. 66) is arranged between 
said proximate solid surface (28) and said substrate 
(40. 42). 

5. A process according to claim 4 wherein said outer 
wall (52, 70) and said closed end (54, 72) are inte- 
gral parts of said isolation device (50, 66). 

6. A process according to claim 4 or claim 5 wherein 
said substrate (40, 42) is supported by said Isolation 
device (50, 66). 

7. A process according to claim 6 wherein said isola- 
tion device (50) is supported by said proximate solid 
surface (28). 

8. A process according to any preceding claim where- 
in said proximate solid surface is a surface of a sec- 
ond solid substrate (42). 

9. A process according to any preceding claim where- 
in the width (W^) of said channel (58) at its open 
end (56) is one to two times the thickness of the 
recovered deposit (57). 

10. A process according to any preceding claim where- 
in the distance (h) between the channel's open end 

(58) and its closed end (54) is 1.5 to 5 times the 
width (W^) of said channel at its open end (58). 

11. A process according to any preceding claim where- 
in the width (W^) of said channel (58) at its open 
end (56) is at least twice its width (W^) at its closed 
end (54). 

12. A process according to any preceding claim where- 
in said substrate (40. 42) has cylindrical or frusto- 
conical shape. 

13. A process according to any preceding claim where- 
in said substrate (40. 42) extends around a hollow 
core. 

14. A process according to claim 12 wherein said sub- 
strate (40, 42) comprises a series of planar walls 
extending around said hollow core. 

15. A process according to claim 13 or claim 14 wherein 
said outer wall (52) and said closed end (54) are 
integral parts of an isolation device (50) which sep- 
arates the interior hollow core of said substrate (42) 
from said precursor silicon carbide gas in said dep- 
osition chamber (16). 

16. An apparatus (10) for forming solid deposits (57) 



from gaseous precursors, comprising: 

a solid substrate (40, 42). 

a housing defining a deposition chamber (16). 

5 said housing being capable of opening and 

closing sufficiently to allow the insertion and re- 
moval of said solid substrate, 
a source (38) of a gaseous precursor material 
operatively connected to said deposition cham- 

10 ber, 

an isolation device (50, 66) located between 
said solid substrate (40, 42) and a proximate 
solid surface (28) in said deposition chamber, 
said Isolation device cooperating with said sub- 

15 strate to restrict the flow of said gaseous pre- 

cursor material over a boundary zone (60) ex- 
tending adjacent the border of said substrate 
closest to said proximate solid surface. 

20 17. An apparatus according to claim 16 wherein said 
isolation device (50, 66) comprises an outer wall 
(52, 70) spaced from and extending over said 
boundary zone (60) from an open end (56) to a 
closed end (54). said closed end extending be- 

25 tween said substrate (42) and said outer wall. 

18. An apparatus according to claim 17 wherein said 
outer wall (52) is spaced a greater distance (W^) 
from said solid substrate at said open end (56) than 

30 from said solid substrate at said closed end (54). 

19. An apparatus according to claim 17 or claim 18 
wherein said open end (56) of said outer wall (52) 
is spaced from said closed end (54) by a distance 

35 (h) which is 2 to 5 times the distance (W^) by which 
the outer wall portion Is spaced from said substrate 
at said open end. 

20. An apparatus according to any one of claims 16 to 
40 19 wherein two solid substrates (40. 42) are ar- 
ranged one atop the other in said deposition cham- 
ber (16), and said isolation device (66) is located 
between adjacent solid surfaces of the two sub- 
strates. 

45 

21. An apparatus according to claim 20 wherein said 
substrates (40, 42) are generally cylindrical orfrus- 
toconlcal In shape. 

50 22. An apparatus according to any one of claims 16 to 
21 wherein said substrate (42) is supported in said 
deposition chamber (16) by said isolation device 
(50). 

55 23. A hollow silicon carbide shell made by a process 
according to any one of claims 1 to 15 having a ratio 
of external perimeter to wall thickness greater than 
50:1, preferably 200:1 or greater, wherein said ex- 
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ternal perimeter is in excess of 127 cm (50 in.) and 
preferably in excess of 165 cm (65 in.). 

24. A hollow shell according to claim 23 having a cylin- 
drical shape or frustoconical shape. 

25. A hollow shell according to claim 23 or claim 24 
wherein the density of said silicon carbide is at least 
3.15 grams per cubic centimeter. 



Patentanspruche 

1. Verfahren zur Hersteliung von Siliciumcarbidge- 
genstanden durch chemtsche Dampfabscheidung, 
umfassend: 

Bereitstellen eines Siiiciumcarbidvorlauferga- 
ses in der Nahe zu einer Oberfiache eines fe- 
sten Substrats (40, 42) in einer Abscheldungs- 
kammer (16), 

Reagieren des Siiiciumcarbidvorlaufergases 
unter Bereitstellung einer Siliciumcarbidab- 
scheidung auf einer vorbestlmmten Abschei- 
dungszone (62) auf der Oberfiache des Sub- 
strats, 

anschliefiend Entfernen des Substrats mit der 
Siliciumcarbidabscheidung (57) aus der Ab- 
scheidungskammer» und 
Ruckgewinnen der Abscheidung durch Abtren- 
nen von dem Substrat, 

dadurch gekennzelchnet, daB mindestens elne 
Grenzzone (60) auf einem Abschnitt der Substrato- 
berflache vorgesehen ist, der zwischen der vorbe- 
stlmmten Abscheidungszone und einer benachbar- 
ten festen Oberfiache (28) in der Abscheidungs- 
kammer angeordnet ist, wobei die Grenzzone durch 
die Bildung eines Kanals (58) zwischen dem Ab- 
schnitt der Substratoberflache und einer Au&en- 
wand (52, 70), die von dem Oberflachenabschnitt 
beabstandet ist, vorgesehen ist, wobei der Kanal 
ein offenes Ende (56), gegenuberliegend der Ab- 
scheidungszone, und ein geschiossenes Ende 
(54), gegenuberliegend dem offenen Ende, auf- 
weist, wodurch eine Siliciumcarbidabscheidung an 
der Grenzzone erzeugt wird, welche im wesentli- 
chen dunner bzw. wesentlich dunner als die Ab- 
scheidung Ist, welche in der vorbestlmmten Ab- 
scheidungszone erzeugt wird. 

2. Verfahren nach Anspruch 1 , wobei die Dicke der in 
der Grenzzone (60) erzeugten Abscheidung (57) 
abnimmt. wenn sie sich von der Abscheidungszone 
(62) weg erstreckt. 

3. Verfahren nach Anspruch 1 Oder 2, wobei im we- 
sentlichen keine Abscheidung auf dem Abschnitt 



der Grenzzone (60) gebildet wird, welcher am nach- 
sten der benachbarten festen Oberfiache (28) ist. 

4. Verfahren nach einem vorhergehenden Anspruch, 
5 wobei eine Isolationssvorrichtung (50, 66) zwi- 
schen der benachbarten festen Oberfiache (28) 
und dem Substrat (40, 42) angeordnet ist. 

5. Verfahren nach Anspruch 4, wobei die Auf^enwand 
10 (52, 70) und das geschlossene Ende (54, 72) inte- 
grate Telle der Isolationsvorrichtung (50, 66) sind. 

6. Verfahren nach Anspruch 4 oder 5, wobei das Sub- 
strat (40, 42) durch die Isolationsvorrichtung (50, 

15 66) getragen wird. 

7. Verfahren nach Anspruch 6, wobei die Isolations- 
vorrichtung (50) durch die benachbarte feste Ober- 
fiache (28) getragen wird. 

20 

8. Verfahren nach einem vorhergehenden Anspruch, 
wobei die benachbarte feste Oberfiache eine Ober- 
fiache eines zweiten festen Substrats (42) ist. 

25 9. Verfahren nach einem vorhergehenden Anspruch, 
wobei die Breite (W^) des Kanals (58) an dessen 
offenem Ende (56) das Ein- bis Zweifache der Dicke 
der ruckgewonnenen Abscheidung (57) betragt. 

30 10. Verfahren nach einem vorhergehenden Anspruch, 

wobei der Abstand (h) zwischen dem offenen Ende 
des Kanals (58) und dessen geschlossenem Ende 
(54) das 1 .5- bis 5-fache der Breite (W^ ) des Kanals 
an dessen offenem Ende (58) betragt. 

35 

11. Verfahren nach einem vorhergehenden Anspruch, 
wobei die Breite (W^) des Kanals (58) an dessen 
offenem Ende (56) mindestens das Zweifache des- 
sen Breite (W^) an dessen geschlossenem Ende 

40 (54) betragt. 

12. Verfahren nach einem vorhergehenden Anspruch, 
wobei das Substrat (40, 42) eine zylindrische oder 
Kegelstumpfform aufweist. 

45 

13. Verfahren nach einem vorhergehenden Anspruch, 
wobei sich das Substrat (40, 42) um einen hohlen 
Kern erstreckt. 

50 14. Verfahren nach Anspruch 12, wobei das Substrat 
(40, 42) eine Serie von planaren Wanden umfaHt. 
die sich um den hohlen Kern erstrecken. 

1 5. Verfahren nach Anspruch 1 3 oder 1 4, wobei die Au- 
55 Genwand (52) und das geschlossene Ende (54) in- 
tegrale Telle einer Isolationsvorrichtung (50) sind, 
welche den inneren hohlen Kern des Substrats (42) 
von dem Slliciumcarbidvorlaufergas in der Abschei- 
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22. Vorrichtung nach einem der Anspruche 16 bis 21, 
wobei das Substrat (42) in der Abscheidungskam- 
mer (16) durch die Isolationsvomchtung (50) getra- 
gen wird. 

5 

23. Hohle Siliclumcarbidschale, hergestellt durch ein 
Verfahren gemali einem der Anspruche 1 bis 15, 
mit einem Verhaltnis von au&erem Umfang zu 
Wanddlcke von groEer als 50: 1 , vorzugsweise 200: 

10 1 Oder grd&er, wobei der auf^ere Umfang im Ober- 
maR von 127 cm (50 in.) und vorzugsweise im Ober- 
ma(i von 165 cm (65 in.) ist. 

24. Hohle Schale gemad Anspruch 23 mit einer zylin- 
15 drischen Form oder Kegelstumpfform. 

25. Hohle Schale gemali Anspruch 23 Oder 24, wobei 
die Dichte des Siliciumcarbids mindestens 3,15 g 
pro Kubikzentimeter betragt. 

20 



dungskammer (16) trennt. 

16. Vorrichtung (10) zum Formen fester Abscheidun- 
gen (57) von gasfdrmigen Vorlaufern, umfassend: 

ein festes Substrat (40, 42), 
ein Gehause, welches eine Abscheidungskam- 
mer (16) definiert, wobei das Gehause befahlgt 
ist, ausreichend geoffnet und verschtossen zu 
werden, um das Einbringen und Entfemen des 
festen Substrats zuzulassen, 
eine Quelle (38) eines gasformigen Vorlaufer- 
materials, die betriebsmaf^ig mit der Abschei- 
dungskammer verbunden ist, 
eine Isolatlonsvorrichtung (50. 66), die zwi- 
schen dem festen Substrat (40, 42) und der be- 
nachbarten, festen Oberflache (28) in der Ab- 
scheidungskammer angeordnet ist, wobei die 
isolationsvorrichtung mit dem Substrat unter 
Beschrankung des Flusses des gasformigen 
Vorlaufermaterials (iber eine Grenzzone (60), 
die sich angrenzend der Grenze des Substrats 
nachstens zu der benachbarten festen Oberfla- 
che erstreckt, kooperiert. 

17. Vorrichtung nach Anspruch 16, wobei die Isolati- 
onsvorrichtung (50, 66) eine Aulienwand (52, 70), 
beabstandet von und sich erstreckend uber die 
Grenzzone (60) von einem offenen Ende (56) zu ei- 
nem geschlossenen Ende (54), umfasst. wobei das 
geschlossene Ende sich zwischen dem Substrat 
(42) und der Aullenwand erstreckt. 

18. Vorrichtung nach Anspruch 17, wobei die Aullen- 
wand (52) in einem grofieren Abstand (W^) von 
dem festen Substrat an dessen offenem Ende (56) 
als von dem festen Substrat an dessen geschlos- 
senem Ende (54) beabstandet ist. 

19. Vorrichtung nach Anspruch 17 oder 18, wobei das 
offene Ende (56) der Aufienwand (52) von dem ge- 
schlossenen Ende (54) durch einen Abstand (h) be- 
abstandet ist, welcher das Zwei- bis Fiinffache des 
Abstandes (W^) ist. durch welchen der Aul^en- 
wandabschnitt von dem Substrat an dessen offe- 
nem Ende beabstandet ist. 

20. Vorrichtung nach einem der Anspruche 16 bis 19, 
wobei die zwei festen Substrate (40, 42) oben auf- 
einander in der Abscheidungskammer (16) ange- 
ordnet sind, und die Isolationsvorrichtung (66) zwi- 
schen den angrenzenden festen Oberflachen der 
zwei Substrate angeordnet ist. 

21 . Vonrichtung nach Anspaich 20, wobei die Substrate 
(40, 42) im allgemeinen in der Form zylindrisch oder 
kegelstumpfformig sind. 



Revendications 

1. Proc^d^ pour produire des articles en carbure de 
25 silicium par d^pot chimique en phase vapeur, com- 

prenant les stapes qui consistent 

mettre a disposition un gaz precurseur de car- 
bure de silicium d proximite d'une surface d'un 
30 substrat solide (40, 42), dans une chambre de 

depot (16), 

faire r^agir ledit gaz precurseur de carbure de 
silicium afin de r^aliser un depot de carbure de 
silicium sur une zone de d§pdt pr^d^termin^e 
35 (62). sur ladite surface dudit substrat, 

retirer ensuite ledit substrat, pourvu dudit depdt 
de carbure de silicium (57), de ladite chambre 
de d^pot. et 

r^cup^rer ledit depot en le separant dudit subs- 
40 trat, 

caract^rise en ce qu'au moins une zone limite (60) 
est m^nag^e sur une partie de ladite surface du 
substrat, situ§e entre ladite zone de depot pred§- 
45 tennin^e et une surface solide proche (28) a rint§- 
rieur de ladite chambre de depot, ladite zone limite 
etant m6nagee par la formation d'un canal (58) en- 
tre ladite partie de la surface du substrat et une pa- 
rol exterieure (52, 70) placee d distance de ladite 
50 partie de surface, le canal pr^sentant une extr6mit§ 
ouverte (56), adjacente ^ ladite zone de depot, et 
une extremite fermee (54) oppos^e d ladite extre- 
mite ouverte, ce qui fait qu'il est produit sur ladite 
zone limite. un depot de carbure de silicium qui est 
55 nettement plus mince que le d^pdt produit dans la- 
dite zone de dSpdt pr^d6tennin§e. 

2. Proc^d§ selon la revendication 1, dans lequel 
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r^paisseur dudit depot (57), produit dans ladite zo- 
ne llmite (60), diminue au fur et a mesure qu'll s'eloi- 
gne de ladite zone de d^pdt (62). 

3. Procede selon la revendication 1 ou la revendica* 
tion 2, dans lequel il n'est forme sensiblement 
aucun depot sur la partie de ladite zone limite (60), 
qui est le plus prds de ladite surface solide proche 
(28). 

4. Procede selon I'une quelconque des revendications 
precedentes, dans iequel un dispositif d'isolement 
(50, 66) est dispose entre ladite surface solide pro- 
che (28) et ledit substrat (40. 42). 

5. Procede selon la revendication 4, dans lequel ladite 
paroi exterieure (52, 70) et ladite extremite fermee 
(54, 72) font partie int^grante dudit dispositif d'iso- 
lement (50, 66). 

6. Procede selon la revendication 4 ou la revendica- 
tion 5, dans lequel ledit substrat (40, 42) est sup- 
ports par ledit dispositif d'isolement (50, 66). 

7. Procede selon la revendication 6, dans lequel ledit 
dispositif d'isolement (50) est supporte par ladite 
surface solide proche (28). 

8. Procede selon I'une quelconque des revendications 
pr§c§dentes, dans lequel ladite surface solide pro- 
che est une surface d'un deuxiSme substrat solide 

(42). 

9. Procede selon I'une quelconque des revendications 
precedentes, dans lequel la largeur (W^) dudit canal 
(58) a son extremite ouverte (56) represente une a 
deux fois I'epaisseur du depot recup6re (57). 

10. Procede selon I'une quelconque des revendications 
pr§c6dentes. dans lequel la distance (h) entre I'ex* 
tremite ouverte (56) du canal et son extremite fer- 
mee (54) represente 1 ,5 a 5 fois la largeur (W^) du- 
dit canal k son extrSmitS ouverte (56). 

1 1 . ProcSdS selon Tune quelconque des revendications 
precedentes, dans lequel la largeur (W^) dudit canal 
(58) a son extremite ouverte (56) represente au 
mo ins deux fois sa largeur (W^) d son extrSmitS fer- 
mee (54). 

12. Procede selon I'une quelconque des revendications 
precedentes, dans lequel ledit substrat (40, 42) pre- 
sente une forme cylindrique ou tronconique. 

1 3. ProcSdS selon Tune quelconque des revendications 
precedentes, dans lequel ledit substrat (40, 42) 
s'etend autour d'un noyau creux. 



14. Precede selon la revendication 12. dans iequel ledit 
substrat (40, 42) comprend une serle de parois pla- 
nes s'etendant autour dudit noyau creux. 

5 15. Precede selon la revendication 13 ou la revendica- 
tion 14, dans lequel ladite paroi exterieure (52) et 
ladite extremity fermee (54) font partie int6grante 
d'un dispositif d'isolement (50), qui isole le noyau 
creux interne dudit substrat (42) dudit gaz precur- 

10 seur de carbure de silicium. dans ladite chambre de 
depot (16). 

16. Appareil (10) pour former des depots solides (57) k 
partir de precurseurs gazeux, comprenant: 

15 

un substrat solide (40, 42), 
un bati dSfinissant une chambre de depot (16), 
ledit bati etant susceptible d'etre ouvert et fer- 
me suffisamment pour permettre Tintroduction 

20 et I'enievement dudit substrat solide, 

une source (38) d'une substance formant un 
precurseur gazeux, raccordee en fonctionne- 
ment a ladite chambre de depot, 
un dispositif d'isolement (50. 66) situe entre le- 

25 dit substrat solide (40, 42) et une surface solide 

proche (28) dans ladite chambre de depot, ledit 
dispositif d'isolement cooperant avec ledit 
substrat de fagon d limiter te debit de passage 
de ladite substance formant precurseur gazeux 

30 par-dessus une zone limite (60) s'etendant au 

voisinage immediat de la bordure dudit subs- 
trat, qui est situee le plus pres de ladite surface 
solide proche. 

35 17. Appareil selon la revendication 1 6, dans lequel (edit 
dispositif d'isolement (50, 66) comprend une paroi 
exterieure (52, 70) placee a distance de ladite zone 
limite (60) et s'etendant au-dessus de celle-ci, de- 
puis une extremite ouverte (56) jusqu'd une extre- 
me mite ferm6e (54), ladite extremite fermee s'etendant 
entre ledit substrat (42) et ladite paroi exterieure. 

18. Appareil selon la revendication 17, dans lequel la- 
dite paroi exterieure (52) est, d ladite extremite 
45 ouverte (56), separee dudit substrat solide. d'une 
distance (W^) plus grande que celle dont elle est 
separee dudit substrat solide a ladite extremite fer- 
mee (54). 

50 19. Appareil selon la revendication 17 ou la revendica- 
tion 18, dans lequel ladite extremite ouverte (56) de 
ladite paroi exterieure (52) est separee de ladite ex- 
tremite fermee (54) d'une distance (h) qui represen- 
te 2 d 5 fois la distance (W^) par laquelle la partie 
55 de paroi exterieure est separee dudit substrat k la- 
dite extremite ouverte. 

20. Appareil selon I'une quelconque des revendications 
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16 a 19, dans lequel deux substrats solides (40, 42) 
sont disposes Tun sur I'autre, ^ rinterieur de ladite 
chambre de depot (16). et ledit dispositif d'isole- 
ment (66) est positionne entre des surfaces solides 
adjacentes des deux substrats. s 

21. Apparei! seion la revendication 20. dans lequel les- 
dits substrats (40, 42) sont d*une forme g6n6rale cy- 
tindrlque ou tronconique. 

10 

22. Appareil selon Tune quelconque des revendications 
16^21, dans lequel ledit substrat (42) est supports, 
a rinterieur de ladite chambre de d^pdt (16), par le- 
dit dispositif d'isolement (50). 

15 

23. Coque creuse en carbure de silicium fabriquee au 
moyen d'un precede conforme ^ Tune quelconque 
des revendications 1^15, dont le rapport du peri- 
metre ext^rieur ^ I'^paisseur de parol est superieur 

d 50:1, depr^f^renced 200:1 ou plus, dans laquelle 20 
ledit p6rimetre exterieur est de plus de 127 cm (50 
pouces) et, de preference, de plus de 165 cm (65 
pouces). 

24. Coque creuse selon la revendication 23. ayant une 25 
forme cylindrique ou une forme tronconique. 

25. Coque creuse selon la revendication 23 ou la re- 
vendication 24, dans laquelle la densite dudit car- 
bure de silicium est d'au moins 3,15 grammes par 30 
centimetre cube. 
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